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Does the Hormone “Endogenous Ouabain” Exist in the human circulation?
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Abstract
 Studies in the early 1990s suggested that a hormone identical to ouabain or an isomer of ouabain is secreted by the adrenal glands into the circulation and plays a role in the regulation of arterial pressure and cardiac and renal function. This hormone, known as endogenous ouabain (EO), was claimed to contribute to the pathophysiology of a number of disorders including heart failure, renal failure, pregnancy-induced and essential hypertension. However some research groups have been unable to confirm the presence of EO in the human circulation and the issue remains in dispute. In that the implications are of considerable importance to clinicians who, like the authors, lack biochemical expertise, it would be useful if the dispute could be addressed by disinterested scientists with long-standing and acknowledged expertise in analytical chemistry who could opine as to whether the evidence is, or is not, sufficient to state categorically that EO does (or does not) exist in the circulation in man. This brief review does not present new data but, rather, recommends that adjudication is needed regarding this important issue.   



We are two clinicians living on either side of the equator who have had a long standing interest in endocrine factors affecting arterial pressure, cardiac and renal function, and electrolyte balance. Unsurprisingly we were excited when, in 1991, workers in the USA reported that human plasma contained an inhibitor of the “sodium pump” Na+, k+-ATPase that was indistinguishable from the plant-derived steroid ouabain or an isomer of ouabain (1). The isolated material, which became known as endogenous ouabain (EO), was reported by these workers to have vasoactive and cardiac actions similar to those of authentic ouabain (2). Subsequent studies suggested that EO was produced by the adrenal glands, contributed to the regulation of sodium balance and vascular smooth muscle tone, and may be involved in the pathophysiology of a number of disorders including “essential” and pregnancy-induced hypertension, and cardiac and chronic renal failure (3). One of the original investigators stated that: “Within a decade (of 1991) six groups on three continents had verified by MS and NMR spectroscopy that human, bovine and rodent materials (plasma, urine, adrenals and hypothalamic tissue) contained EO” (4).
From the mid-1990s, however, a number of research groups, one of which we were closely associated with, reported that they were unable to detect EO in human plasma (5). Vigorous debate developed between those who were unconvinced that EO exists in the human circulation let alone plays a role in human physiology and pathophysiology (5, 6) and those who considered the evidence to be definitive (3, 4). Opinions were divided at the 1995 Annual Meeting of The Endocrine Society (USA) as to whether authentic ouabain circulates in human plasma and is of adrenal origin (7). Adding to the debate, Baecher and colleagues in Munich, using mass spectrometry with greater sensitivity than was available in the early 1990s, reported in 2014 that: “No endogenous ouabain is detectable in human plasma..” (8). This evoked a firm response from a EO protagonist (9) which in turn saw a vigorous rebuttal from the workers in Munich (10). 
Whilst having no bearing on the existence (or otherwise) of EO, it should be noted that there have been substantial claims for the existence of digitalis-like factors other than EO in the human circulation (11,12).
Beyond the contrary views of biochemists regarding the existence of circulating EO, fundamental details of its biosynthetic pathway remain to be determined by protagonists some 16 years after its claimed discovery. Furthermore, evidence summarised elsewhere, that the human adrenals secrete EO as assessed by adrenal vein sampling, is fragile at best (13).
For practising clinicians like us with a limited understanding of the fine details of steroid biochemistry and the techniques for detection and measurement, the contrasting perspectives make for difficult reading. This can be unsettling when therapeutic implications are published: for example when the possibility of using a synthetic antagonist to EO for the treatment of essential hypertension was aired (14) at a time when the very existence of EO remained to be settled. The subsequent demonstration that administration of Rostafuroxin, which “specifically antagonises the effects of EO on Na+,K+-ATPase and mutated adducin” to a sizeable cohort of patients with uncomplicated systolic hypertension…..” did not reduce blood pressure in any dose” (15), does not support the premise although data published earlier in abstract form raises the possibility that the drug might be an effective antihypertensive agent in selected patients with adducin- and ouabain-related gene variants (16).
 Notwithstanding the current uncertainties, selective evidence continues to be quoted to support a pathophysiological role for circulating EO in human disorders. For example it was reported recently that plasma levels of EO and aldosterone are co-elevated in a subset of essential hypertensive patients and may contribute to adverse cardiovascular and renal outcomes (17). Furthermore it is claimed that around 25% of those with essential hypertension exhibit a rise in both arterial pressure and plasma EO levels when dietary sodium is restricted and these patients may be at increased risk of adverse cardiovascular events (18).
 If indeed EO exists in the human circulation and is, as claimed, important physiologically and pathophysiologically, it is surprising that so few publications involving this hormone have appeared in recent years - as recorded in PubMed (“endogenous ouabain”: average of only 20 publications/year between 2010 and 2016). This issue was noted by Blaustein, one of those originally reporting the existence of EO, in his publication in 2014 entitled: “Why isn’t EO more widely accepted”? (19). In this article Blaustein suggested the reason EO was not more widely accepted is that: ”We tend to ignore ideas and data that don’t fit our preconceptions”. Such reasoning is difficult to accept when one considers that the heart, seen traditionally as the central component of the circulatory system through its pumping activity, was discovered also to be an endocrine gland producing biologically important signals via the natriuretic peptides. This discovery did not fit our preconceptions yet, in contrast to EO, was widely accepted in very short time.  Whereas Blaustein opined that: “..it is time to bring EO, a key neuroendocrine and cardiovascular hormone, in from the cold” (19), we believe it is time to decide whether or not the evidence is sufficient to state with certainty whether or not EO is present in the circulation in man.
Under the circumstances we suggest it would be useful, especially for clinicians with an active interest in circulatory disorders, if an unbiased group of scientists with expertise in analytical chemistry could provide a collective opinion regarding the current status of EO in the human circulation. Perhaps a body such as, or similar to, the International Union of Biochemistry and Molecular Biology could take up this challenge? Is further research needed before this question can be answered? Are currently available methods adequate to provide a definitive answer?
We should declare that, as clinicians (rather than analytical chemists), but having worked alongside biochemists with a fine track record of discovery over many years and who failed to detect EO, we are not convinced by the current evidence as to the existence let alone the biological importance of circulating EO in man. However we, and we suspect other clinicians with an interest in circulatory disorders, would be most grateful for the opinion of impartial scientists on the matter.
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